Introduction
The common causes of hematuria are infection, trauma, prostatic hypertrophy, urolithiasis, urothelial or renal parenchymal malignancy, and glomerular causes. Mucosal irritation, radiation cystitis, and a bladder tumor may cause hematuria in prostate cancer patients after the treatment with brachytherapy [1, 2] . Inverted papilloma is a noninvasive urothelial neoplasm and a rare cause of hematuria. We present a case of bladder-inverted papilloma indicated by gross hematuria, which occurred 6 years after brachytherapy for prostate cancer.
An 82-year-old Japanese male with a history of prostate cancer presented to our urology department with the chief complaint of intermittent gross hematuria that had lasted for 1 week. He was not taking any anticoagulant or antiplatelet drugs. He received brachytherapy monotherapy as the definitive treatment for a serum prostate-specific antigen level of 9.21 ng/ml, a Gleason score of 5 (3 + 2), and a clinical T2b adenocarcinoma of the prostate treated with 80 iodine-125 implants using a transrectal ultrasound-guided technique. Neither recurrence nor metastasis was detected in the following 6-year period. In the follow-up period, his serum prostate-specific antigen level fell to 0.03 ng/ml.
Urine analysis showed no evidence of pyuria. The patient did not have any lower urinary tract symptoms (LUTS), and the physical examination was unremarkable. Laboratory data were within normal limits, and urine cytology was negative for bladder cancer. Cystoscopy was performed and revealed multiple papillary tumors on the right side of the posterior wall ( fig. 1 ). There was no mucosal edema or erythema that implied radiation-induced cystitis. Computed tomography (CT) showed multiple bladder tumors <1 cm in diameter and no abnormal findings ( fig. 2 ). The prostate volume on CT was 25.1 ml. The findings suggested the presence of noninvasive bladder cancer.
We performed a transurethral resection of the bladder tumor (TURBT). Multiple nodular tumors found on the right posterior wall were resected and coagulated. After TURBT, the gross hematuria resolved. The TURBT tissue stained by HE showed mildly atypical epithelial proliferation with inverted growth. The basal cell marker p63 definitely stained a twolayered structure. Negativity for MIB-1 with staining in less than 1% of the tumor cells showed a low proliferative potential. Some tumor cells that stained weakly for p53 were present in a scattered but not diffused pattern. A pathological diagnosis of inverted papilloma was made. The patient is still followed up, and there has been no recurrence of the hematuria or bladder tumors in the 4 months since TURBT.
Discussion
Inverted papilloma is a rare noninvasive urothelial neoplasm with an endophytic growth pattern covered by an intact layer of histologically and cytologically normal epithelium. The histological feature is the endophytic growth pattern in the lamina propria with cords, trabeculae or nests with variable amounts of intervening stroma, with bland cytologic features and lacking evidence of significant cellular atypia or invasion and is covered by histologically normal urothelium [3] .
The immunohistochemical characteristics of inverted papillomas are different from those of urothelial carcinomas. The expression of the proliferation marker Ki-67 (the monoclonal antibody against MIB-1) or the protein product of the tumor suppressor gene p53 (p53 protein) is infrequent in inverted papilloma [4] . We histologically and immunohistochemically diagnosed the tumors as inverted papillomas based on these staining characteristics ( fig. 3) .
The most commonly reported sites of bladder-inverted papilloma are the bladder neck region (23-41%) and the trigone (24-35%), and 0-4.2% have multiple foci [5] . In the present case, the inverted papilloma was multiple and was found on the right posterior wall of the bladder. It is reported that 5-14% of the inverted papillomas develop on the posterior wall. The recurrence rate is 1-7% [5], which is considerably lower than that of low-grade or early-stage urothelial carcinoma.
To our knowledge, the present case is the first report of a bladder-inverted papilloma after radiation therapy for prostate cancer that was found through evaluation of gross hematuria. Brachytherapy may result in gross hematuria by causing mucosal irritation and friability, neovascularization of the bladder or prostatic urethra, radiation cystitis, and urethral edema or necrosis, but there is no obvious explanation by hematuria workups in the majority of the patients, and it resolves spontaneously in most of them [1] . However, in this case, it is reasonable to conclude that the cause of hematuria was inverted papilloma. Hematuria is the most common symptom of inverted papilloma [5] .
The association between radiation therapy and the occurrence of inverted papilloma is unclear. Some have claimed that inflammatory conditions and irritation owing to an enlarged prostate may contribute to the development of inverted papillomas [6, 7] . This could explain the predominance of inverted papillomas in areas potentially exposed to the greatest irritation, the rarity of multifocal lesions, and the very low recurrence rate. After brachytherapy, patients also experience some degree of urinary irritative/obstructive symptomatology. An analysis revealed that grade 3 chronic urinary morbidity was found to occur in 1-3% of the patients after brachytherapy, which most likely resulted from overirradiation of the bladder base or a persistent inflammatory response in the prostatic urethra [8] . Although our patient had not had previous LUTS, the possibility that asymptomatic irritation or obstruction following brachytherapy induced the inverted papilloma still existed.
Patients who received radiation therapy have a known risk of developing second malignancies. Previous studies showed an increased risk of bladder cancer after radiation therapy including brachytherapy for prostate cancer, and the incidence has been reported to be 1-3%. However, it has been reported that patients with brachytherapy monotherapy have a lower incidence of secondary bladder cancer than those with external beam radiation therapy [9] . Multiplicity and the location of tumors in the present case were not consistent with the general features of inverted papillomas and implied that factors other than LUTS affected the formation of the tumors, but further investigation is necessary to ascertain whether this inverted papilloma was a brachytherapy-induced second neoplasm.
Although inverted papillomas should be regarded as benign neoplasms, their recurrence is not uncommon. Inverted papillomas could also be considered as a risk factor of bladder cancer [5] . Therefore, cystoscopy every 4 months in the first year and every 6 months in the subsequent 3 years or every 6 months in the first 4 years and yearly afterwards are the recommended follow-up periods for patients with inverted papilloma [5, 10] . In the case presented here, a history of brachytherapy itself might also have been a risk factor of bladder cancer, which was the reason for the careful followed-up of the patient by urinary analysis and cystoscopy. 
